Abstract: Rapid population growth and increasing concern related to improving the living standards in impoverished communities without damaging the natural environment have drawn attention to the adoption of renewable energy systems (RES) around the world. Despite this global trend, the implementation of these projects has not succeeded completely in rural poor communities due to several factors, including social barriers faced at the time of their execution. These social barriers lead to poor acceptance of the projects and their consequent abandonment. Acceptance is a social construct that is influenced by several factors that need to be understood to achieve successful and sustainable results in the future. In this paper, we develop a conceptual model, based on principles of sustainability and systems thinking, to understand the interrelationships among the main factors that have been reported in the literature as key to determining the sustainability and community acceptance of RES projects. To do so, we review the existing literature on sustainability and social acceptance of RES and then construct a causal-loop diagram of their driving factors. While doing so, we also view the problem through the lens of the sustainable livelihoods framework, aiming to maintain the perspective of rural communities and observing the impacts of RES on their contextual reality. The resulting model helps to understand the multiple interactions that RES projects have with rural communities as well as identify potential intervention points for future projects. We end the paper with a discussion of the implications of the model and how can it be used to inform future rural energy decision making.
Introduction
Renewable energy has become a top priority for governments and countries around the world. Some of the reasons for this shift, from traditional energy sources to renewable ways of producing energy, originate from the fact that regulatory bodies and multilateral and civil society organizations are demanding greener practices in energy production and consumption [1] . The continuous growing demand for energy worldwide has incentivized regions to become less dependent on fossil fuels in order to reduce their carbon footprint [2] . As a result, countries have taken an initiative towards the efficient use of resources and have added greener energy technologies to their portfolio of energy supply options [3] . Renewable energy systems (RES) are viewed as an alternative to conventional energy to address climate change and respond to an increasing energy demand worldwide. At the same time, on a smaller scale, RES have been advocated as a means to provide energy to the rural poor [2] . These types of projects are believed to improve the quality of life of communities, particularly in developing countries (e.g., [4] [5] [6] [7] ). Although renewable energy has the potential to be used worldwide to provide energy in a sustainable way to an ever-growing population, different cultural and societal factors can hinder the implementation of these technologies and compromise their future sustainability [8] . It has been observed that the acceptance and approval rate of these types of projects are not as expected due to several barriers posed by the inhabitants of the hosting communities. For example, wind power solutions have been criticised mainly because of concerns regarding noise, aesthetics and threats to flora, fauna and wildlife [9] . Large hydropower solutions have been criticised because flooding of a large territory affects the bio-diversity of the region, and projects of a much smaller scale have also been rejected by some communities because of their interference of rivers [10, 11] . Geothermal power is believed to affect the stability of land, which may trigger earthquakes [12] . Solar photovoltaic systems have been ignored due to a lack of awareness about their affordability [13] , and in some cases, the use of biomass is unattractive because of the emissions produced and the fact that the process must be carefully monitored and controlled [14] .
Community acceptance is decisive for the success and sustainability of RES, as local opposition can lead to increasing costs and delays [15] , or even the cancellation of projects [16] . Therefore, it is important to understand and anticipate the factors that underlie major social barriers, which may affect the acceptance and implementation of renewable energy technologies.
Research has considered the issue of acceptance [8] , as public opposition to RES is common and is a complex problem involving several individual and collective rights [17] . Studies of social acceptance of RES began in the eighties, focusing on the lack of attention among key stakeholders regarding public attitudes towards wind power schemes [8] . Subsequent research examined the barriers to RES, depicting several factors ranging from economic to psychological variables (e.g., [15, 18] ). More recently, research has acknowledged the importance of having an integrated perspective of acceptance that includes both social and environmental aspects at the same time (e.g., [9, 19, 20] ). Understanding community acceptance is not straightforward, since there are multiple causal relationships and interactions among various factors which make acceptance a complex systemic problem itself. However, understanding the phenomenon in a systemic manner may increase the chances of achieving successful and sustainable RES results in the future. Nevertheless, research has not yet comprehensively addressed the systemic nature of social acceptance of RES projects. Wüstenhagen et al. [8] , for example, identified three factors that drive social acceptance, namely, socio-political, community and market factors, but ignored the causal relationships and interactions that exist among them. Understanding these factors, their interactions and feedback loops is the main purpose of this paper.
In this paper, we conduct a comprehensive literature review on the sustainability and community acceptance of RES and then develop a conceptual model, following the principles of causal-loop diagrams of systems thinking, by mapping the most commonly identified factors. The idea is to develop a conceptual causal model to help us understand the driving factors of RES acceptance and to visualise the dynamic structure of the system. Our mapping is also based on the sustainable livelihoods framework, which is an approach previously advocated as appropriate for determining the impacts of renewable energy interventions in rural communities, and, while reading the literature, to maintain the perspective of communities [2, [21] [22] [23] . Our main contribution is therefore the development of the causal model for understanding the dynamics that drive community acceptance of RES projects and their sustainability in the long run. The diagram not only functions as a means to structure our own understanding of the literature but is also a starting point to suggest potential interventions for future RES projects.
The remainder of the paper is organised as follows. First, a discussion is presented regarding the terms social acceptance and community acceptance within the framework of renewable energy. The importance of community acceptance is emphasised as a determining factor for the sustainability of renewable energy projects. Then, we present the theoretical underpinnings of the sustainable livelihoods framework and the research methodology we followed. Subsequently, through a comprehensive literature review, a list of the major factors that appear to impact the sustainability and community acceptance of RES projects is identified. Thereafter, we develop a causal-loop diagram model to represent the dynamics of how these factors appear to interact with each other, and finally, some conclusions are presented.
Community Acceptance and Renewable Energy
Social acceptance of RES projects is a multidimensional concept in which community acceptance is one of the aspects to take into consideration. In this section, we explore the concept of acceptance, particularly community acceptance and its importance for the sustainability of RES projects.
Hizeroth et al. [24] define the term acceptance as all positive attitude parameters adopted by the parties involved in the planning of a project. An attitude parameter is a socio-cultural result influenced by people's perceptions and experiences, as well as their expectations of the improvement of their realities. To learn about attitude parameters, one should have a clear idea of the different groups within a community and how heterogeneous their expectations are (see also [25, 26] ).
Wüstenhagen et al. [8] distinguish three dimensions of social acceptance within the context of RES, namely: socio-political, market and community acceptances. Socio-political acceptance refers to the acceptance of society at its most general level, including the laws created to incentivise and institutionalize the use of renewables as energy solutions. Coherence between national initiatives and local contexts is also related to socio-political acceptance. Market acceptance concerns the adoption process of an innovation by consumers, investors and at the intra-firm level. With respect to the community, acceptance refers to local stakeholders, particularly residents and local authorities, hosting the projects. This is key for ensuring the sustainability of solutions, and it is usually lost when foreign or "non-local" investors and decision-makers disregard people's voices, opinions and participation. Opposition from local actors to projects has been depicted in the literature as the "NIMBY" (not in my back yard) phenomenon [26] . This last type of acceptance, i.e., community acceptance by rural poor communities, is the one we focus on in this paper.
Several factors positively or negatively influence community acceptance. Regarding site-specific factors, Jobert et al. [15] highlight the importance of economic incentives for inhabitants of territories and municipalities, as well as the ownership and previous use of the territory for long-term acceptance of RES projects. Other factors, such as the ability of the developer to create a network of local actors around the project, or the participation of the local population in the planning of the project, enhance acceptance [15, 19] .
In terms of the decision making and management of RES projects, trust has been highlighted by several authors as one of the most important factors needed to gain the acceptance of communities [15, 17, 18] . Trust is enhanced if information is handled with transparency and accuracy throughout all stages of the project [19] . Trust is also gained if communities perceive that decisions are made to benefit all as opposed to only some parts of the community [17] . In other words, community acceptance is higher if the community perceives the decision process leading to implementation as fair (procedural fairness) and perceives fairness in the distribution of costs, risks and benefits of the project (distributional fairness) [18, 19] . Therefore, when community residents are involved in the decision-making process and are continually engaged in policy development, final decisions (for instance, the siting of wind turbines) are less likely to be rejected later on once the project is established (see [25] ).
Community acceptance is thus related to multiple interconnected factors. The case of large-scale dams is illustrative. In their paper, Tilt et al. [27] identified several social impacts related to the construction of large-scale dam projects, such as the resettlement of people living nearby, changes in the economy and employment structure, impacts on cultural aspects and impacts on health and gender relations. Such changes can also be the result of environmental changes in the biota of the river, affecting the communities depending on it. For example, environmental impacts of large-scale dams, such as changes in the flow regime, temperature and water chemistry, can lead to a loss of the fish, mammal and bird populations, affecting the livelihoods of local communities [28] .
Community acceptance is therefore a multidimensional concept that is difficult to grasp using a single definition. However, it can be summarised as the approval of an act and the willingness to work towards its perpetuation for the future. The sustainability of energy projects largely depends on the degree of acceptance of its host population. Further, such acceptance will be stronger if participants perceive that the projects contribute to the enhancement of their lives and livelihoods, particularly in rural communities of developing countries where resources are scarce and living conditions are tough [2, 29, 30] . Acceptance may in fact improve the appropriation of technology and its sustainability in the future, which can only be achieved through people, their motivation to take care of the technology, their interest to understand it and their commitment to make it possible [31] . The lack of consideration of this concept by policy and decision-makers may be a determinant for the failure of a renewable energy project. People's acceptance must be considered in order to have a positive impact upon communities and provide a sustainable solution in time.
All of the factors highlighted above show different but important angles of community acceptance, viewed mainly from the perspective of the developer. However, we argue that community acceptance has yet to be viewed from the perspective of the communities, particularly with respect to how RES can transform people's livelihoods. In other words, we provide capacity for a framework where communities and their livelihoods are at the centre of social acceptance. Cherni et al. [2] advocate viewing the provision of energy in rural communities through the lens of the sustainable livelihoods (SL) framework, particularly the five assets, in order to reflect upon its true impacts on a given community (see also [23] ). In the next section, we explore the sustainable livelihoods framework and discuss its main features.
The Sustainable Livelihoods Framework
It is known that humans have certain basic needs to fulfil in order to live and progress. The means they have at hand to sustain themselves and fulfil such basic needs are known as livelihoods. A livelihood is a concept that refers to all of the capabilities, assets and activities required for living. The sustainable livelihoods framework, created by the British Department for International Development (DFID), is a particular people-centric approach that aims to help organizations understand the real dimensions of poverty within rural communities, beyond the economic perspective. The SL framework acknowledges that rural communities own assets or capitals, and that the overall aim of any intervention must ensure their sustainability (see, e.g., [32] [33] [34] [35] [36] ). Thus, when community intervention may occur, for instance, through the provision of energy, it is vital to anticipate how the intervention could affect people's assets and to think of strategies related to how to act and make the most of the intervention (see [37] [38] [39] ).
The SL framework has five dimensions (see Figure 1) : the vulnerability context, livelihood assets, transforming structures and processes, livelihood strategies and outcomes. The vulnerability context refers to those external uncontrollable factors that influence people's assets and may contribute to the occurrence of poverty. Livelihood assets or capitals are the fundamental building blocks of any community and they have been divided into five main categories: physical (e.g., such as houses, roads, schools, energy installations); financial (e.g., wages, savings, credits); natural (e.g., water, land, flora, wind, air quality); social (e.g., social networks, community organizations and affiliations); and human (education, health, skills, knowledge). These assets help us to assess the current living conditions in a given community and to realise the impact an external intervention could have on those living conditions in the future. Hence, the SL framework conceptualises poverty as a multidimensional factor that goes beyond the lack of income and includes people's access (or lack thereof) to those five assets. The transforming structures and processes part refers to the organizations and procedures needed to safeguard people's assets and to ensure access to these assets. Finally, livelihood strategies and outcomes refer to any practical intervention (e.g., a RES project) that is offered to further increase people's assets and achieve ultimate goals, such as increase well-being or reduce vulnerability [34] . The SL framework has proven to be a useful approach for understanding the effect of external interventions on rural communities, as it emphasizes the multiple factors that may affect their livelihoods [34] . Thus far, the framework has been mainly employed to assess poverty reduction in areas related to agriculture and has also been used in energy provision [1] [2] [3] 23] . Here, we argue that the SL framework could be an appropriate lens to view the factors that drive sustainability and community acceptance and to explore the reasons why some energy projects may, or may not, be welcomed in a rural community. The provision of electricity is a common livelihood strategy that could have both positive and negative consequences for people's assets and their vulnerability context, and the perception of those consequences may divert the acceptance of projects. In the next section, we discuss how systems thinking could help us integrate our learning from the literature on RES acceptance, using the SL framework, in a systemic manner and why this would be desirable. community acceptance and to explore the reasons why some energy projects may, or may not, be welcomed in a rural community. The provision of electricity is a common livelihood strategy that could have both positive and negative consequences for people's assets and their vulnerability context, and the perception of those consequences may divert the acceptance of projects. In the next section, we discuss how systems thinking could help us integrate our learning from the literature on RES acceptance, using the SL framework, in a systemic manner and why this would be desirable. 
Research Methodology: A Systems Thinking Perspective
As discussed earlier, RES projects influence the livelihoods of rural communities at different levels, i.e., economically, socially, environmentally, etc. The interaction and interdependency of all of these factors results in considerable complexity that affects people's perceptions of the benefits and drawbacks of projects, which ultimately leads to their acceptance or rejection. Understanding the dynamic and systemic nature of this phenomenon is important to increase the possibility of implementing renewable energy systems that contribute to the growth and development of rural communities in the future (see [21, 22] ). Systems thinking, particularly causal-loop diagrams, have been advocated as an appropriate way to represent the systematic nature within different human phenomena related to sustainable development (e.g., [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] ).
A causal-loop diagram (CLD) is a useful tool for representing and capturing mental models or hypotheses related to the feedback structure of a system [41] . The benefit of a causal-loop diagram is that it helps to represent the cause-and-effect relationship between two or more factors or variables and to unveil resulting feedback loops, which together form the causal structure of the system. This so-called causal structure can be used to identify the reasons why a particular system has a particular dynamic behaviour [50] [51] [52] [53] .
A causal diagram consists of variables connected by arrows (causal links) that denote the causal influences on such variables. Each link is assigned a polarity, which can be either positive (+) or negative (−), indicating how the dependent variable changes when the independent variable changes (assuming all other variables are constant). A positive link means that the dependent variable moves in the same direction as the independent variable. By contrast, a negative link indicates that the independent and dependent variables move in opposite directions [41] . In addition, important loops are highlighted in the resulting diagram with a loop identifier, which serves to show whether the loop is a positive (reinforcing: R) or negative (balancing: B) feedback [53] . For some arrows, there is a delay mark (||), which means that the impact of the variables is not immediate and takes place in the long run. Finally, it is important to note that link polarities only describe the structure of the system and not the magnitude or behaviour of the variables per se [41] . 
A causal diagram consists of variables connected by arrows (causal links) that denote the causal influences on such variables. Each link is assigned a polarity, which can be either positive (+) or negative (−), indicating how the dependent variable changes when the independent variable changes (assuming all other variables are constant). A positive link means that the dependent variable moves in the same direction as the independent variable. By contrast, a negative link indicates that the independent and dependent variables move in opposite directions [41] . In addition, important loops are highlighted in the resulting diagram with a loop identifier, which serves to show whether the loop is a positive (reinforcing: R) or negative (balancing: B) feedback [53] . For some arrows, there is a delay mark (||), which means that the impact of the variables is not immediate and takes place in the long run. Finally, it is important to note that link polarities only describe the structure of the system and not the magnitude or behaviour of the variables per se [41] .
We followed the principles of causal-loop diagrams to inductively analyse the literature reviewed with respect to the sustainability and acceptance of RES projects. Such principles helped us to make sense of our qualitative data (i.e., the papers reviewed). Systems thinking tools have been employed before to assist researchers in their analysis of the content and structure of qualitative data, both primary (originating from interviews) and secondary (originating from documents) [54] . Here, a literature review on sustainability and community acceptance of RES was conducted to identify the main factors that appear to play a role in slowing down or speeding up the implementation process of renewable energy projects. We searched for papers using various databases (e.g., Science Direct; JSTOR; Scopus; Google scholar) and combinations of keywords, such as: "community acceptance", "social acceptance", "rural energization", "energy and poverty", "renewable energy and community development", "sustainable development" and "sustainability of renewable energy". A total of 68 papers were analysed. From there, we were able to identify 19 main factors that were mentioned as having either a direct or an indirect effect on the acceptance of RES projects. In addition, some supporting factors were also included during the development of the causal-loop diagrams to preserve the logic of the diagrams and the story. Table A1 depicts a table with the key factors identified, the papers that contained these factors and excerpts of text that exemplify the causal connections with community acceptance or other factors.
The construction of the causal-loop diagrams took place as follows. We started by highlighting the factors that appeared in the various journal papers reviewed (more than three). Then, we used the SL framework, mainly the five livelihood assets or capitals, to classify the factors identified. This was not a pigeonhole process where each factor was assigned to one asset at a time since factors could cross boundaries between assets. Subsequently, we reviewed the papers again, highlighting potential cause-and-effect relationships and we framed them within the boundaries of the five livelihood capitals. As a result, we constructed five causal-loop diagrams, one for each asset. The diagrams were discussed and double-checked in terms of their systemic logic and consistency with the literature. The next section shows in detail the causal-loop diagrams derived from the analysis described above, along with a full description of their logic and particular examples of cases.
Causal-Loop Diagrams Related to the Acceptance of RES Projects
This section presents five causal-loop diagrams that show the factors that appear to predominantly influence the sustainability and acceptance of RES projects by rural communities (see Table A1 ). The diagrams were developed within the boundaries of five different livelihood capitals: social, human, physical, natural and financial. As stated above, secondary data were employed to facilitate the construction of the diagrams, particularly the main findings presented in different papers published in scientific journals concerning the acceptance of RES projects.
Social Capital
Social capital is understood to be the sum of positive relationships and social ties that exist among the members of a community or a group. Research shows that networks not only increase people's trust and their ability to work together but also facilitate the embracement of mutually agreed decisions [34] . The UN Commission on Sustainable Development considers that social capital is one of the most complex dimensions of sustainability because its state of development heavily depends on the level of development of other livelihood capitals [55, 56] .
Research has also found that the advent of new technologies in a rural community creates clashes between old routines and ancient practices and the new habits that come with the incorporation of such technologies [20] . These changes or clashes can be either positive or negative, depending on the culture and the level of stress experienced by people (see B1 in Figure 2 ). Maruyama et al. [57] analysed the socio-economic dynamics that originated from the arrival of renewable energy technologies in Japanese communities. The authors found that RES projects can change people's perception of the rules of risk-benefit distribution and the roles that different actors play in society, which is a process termed "social innovation". As mentioned in Section 3, participation in decision-making increases perceptions of fairness, which in turn, influences how people perceive the legitimacy and benefit of a project [17] . When changes in the risk-benefit distribution take place due to deviations in traditional routines, people's fairness perception also changes, influencing the social networks of a community [58] . As a result, the acceptance of the technology is manifested in people's level of commitment and their desire to participate in and sustain the technology [59] (see also B1 in Figure 2) .
In this regard, Kaygusuz [60] discovered that renewable energy projects are capable of changing the roles of women in society, particularly in communities where they are mainly responsible for cooking and feeding their families. The challenging and time-consuming task of collecting and managing traditional fuels, mainly wood, to conduct these activities has been widely viewed as women's responsibility. In India's rural villages, women walk, on average, 30 km per month and take approximately 3 h per trip for wood collection at high altitudes and over unsteady terrains, which has negative consequences for their health (human capital) [61, 62] . Rural energy access through RES changes this situation by allowing women to meet their basic needs through cooking, lighting and heating as well as have more leisure time for other social interactions [63] . These changes are usually seen as positive and, therefore, community members usually accept the technology. legitimacy and benefit of a project [17] . When changes in the risk-benefit distribution take place due to deviations in traditional routines, people's fairness perception also changes, influencing the social networks of a community [58] . As a result, the acceptance of the technology is manifested in people's level of commitment and their desire to participate in and sustain the technology [59] (see also B1 in Figure 2 ). In this regard, Kaygusuz [60] discovered that renewable energy projects are capable of changing the roles of women in society, particularly in communities where they are mainly responsible for cooking and feeding their families. The challenging and time-consuming task of collecting and managing traditional fuels, mainly wood, to conduct these activities has been widely viewed as women's responsibility. In India's rural villages, women walk, on average, 30 km per month and take approximately 3 h per trip for wood collection at high altitudes and over unsteady terrains, which has negative consequences for their health (human capital) [61, 62] . Rural energy access through RES changes this situation by allowing women to meet their basic needs through cooking, lighting and heating as well as have more leisure time for other social interactions [63] . These changes are usually seen as positive and, therefore, community members usually accept the technology.
Changes in the role of women in these societies create tension and stress as well as opportunities for them to engage with other members of their communities in productive ways [5, 62, 64] (see R1 and R2 in Figure 2 ). Alternative social engagements usually lead to the sharing of knowledge (see [60, 62] ) and the creation of new ideas for income generation [65] (see B2 and R3 in Figure 2 ). Both income generation and involvement in income-generating activities further increase the demand for energy, which can be supplied through RES. Figure 2 shows the causal-loop diagram with the factors discussed above within the boundaries of the social capital. 
Human Capital
Human capital refers to all of the means and abilities an individual has to be productive and to achieve his/her livelihood objectives by him/herself [35] . Hence, the skills, knowledge and health conditions of an individual form his/her human capital. Having access to higher quality education, technologies for productivity and information and systems for supporting health and nutrition can therefore enhance human capital. The lack of energy, electricity in particular, makes the provision of health services, education and industrial activities difficult [20, 66] . Changes in the role of women in these societies create tension and stress as well as opportunities for them to engage with other members of their communities in productive ways [5, 62, 64] (see R1 and R2 in Figure 2 ). Alternative social engagements usually lead to the sharing of knowledge (see [60, 62] ) and the creation of new ideas for income generation [65] (see B2 and R3 in Figure 2 ). Both income generation and involvement in income-generating activities further increase the demand for energy, which can be supplied through RES. Figure 2 shows the causal-loop diagram with the factors discussed above within the boundaries of the social capital.
Human capital refers to all of the means and abilities an individual has to be productive and to achieve his/her livelihood objectives by him/herself [35] . Hence, the skills, knowledge and health
conditions of an individual form his/her human capital. Having access to higher quality education, technologies for productivity and information and systems for supporting health and nutrition can therefore enhance human capital. The lack of energy, electricity in particular, makes the provision of health services, education and industrial activities difficult [20, 66] .
Providing communities longer hours of lighting can lead to an increase in education because people could spend more hours at night studying, and schools could invest in internet and computers to gain access to global information [65, [67] [68] [69] (See R4 and R6 in Figure 3 ). This would allow them to be more competitive and productive and improve their income in the long run, which could be reinvested in education [69, 70] . The sustainability of RES projects can also receive the benefits of education because education can empower community inhabitants, making them more knowledgeable of the benefits of the technology and more able to operate and maintain the technologies themselves [71, 72] . By having more knowledge about the benefits of RES, communities are more likely to accept and embrace them [73] [74] [75] [76] [77] [78] . Educating the target population about the benefits of RES is vital to counteract any negative preconceptions or scepticism associated with the use of these technologies [79] .
In terms of health, it is well-known that issues such as global warming, acid rain and other pollution effects can be prevented by the use of RES. In addition to such large-scale effects, which are not noticeable by community inhabitants on a daily basis, the health component of the human capital can be improved when vaccines are refrigerated and when indoor air pollution is reduced when coaland wood-based stoves are replaced by solar stoves [5, 65, 68, 71, 80] . The use of firewood and biomass inside households is a major health threat due to the smoke produced, which causes respiratory infections in the long term [79] (see R5 in Figure 3) . Therefore, RES can improve the health conditions of people in this regard, allowing rural communities to access health technologies that require electricity in order to function, as well as providing access to drinkable water and sanitation services. For example, in Colombia, the population of San Jose Cravo Norte required an energy solution that could supply electricity 24 h a day for the refrigeration of vaccines in a local health centre. By providing renewable energy technologies to this community, their access to medicine has increased and, consequently, an improvement in their health conditions has been noted [2] . Figure 3 shows the causal-loop diagram and the factors that appear to have an effect on the acceptance of RES projects within the boundaries of the human capital. In terms of health, it is well-known that issues such as global warming, acid rain and other pollution effects can be prevented by the use of RES. In addition to such large-scale effects, which are not noticeable by community inhabitants on a daily basis, the health component of the human capital can be improved when vaccines are refrigerated and when indoor air pollution is reduced when coal-and wood-based stoves are replaced by solar stoves [5, 65, 68, 71, 80] . The use of firewood and biomass inside households is a major health threat due to the smoke produced, which causes respiratory infections in the long term [79] (see R5 in Figure 3) . Therefore, RES can improve the health conditions of people in this regard, allowing rural communities to access health technologies that require electricity in order to function, as well as providing access to drinkable water and sanitation services. For example, in Colombia, the population of San Jose Cravo Norte required an energy solution that could supply electricity 24 h a day for the refrigeration of vaccines in a local health centre. By providing renewable energy technologies to this community, their access to medicine has increased and, consequently, an improvement in their health conditions has been noted [2] . Figure 3 shows the causal-loop diagram and the factors that appear to have an effect on the acceptance of RES projects within the boundaries of the human capital. 
Physical Capital
Physical capital refers to all infrastructure and technology available to communities to support their livelihoods. This includes changes in the physical environment (infrastructure) and the tools or equipment that may make life easier and more productive for people [33, 34] . Research shows that lack of basic infrastructure makes the possibility of having quality education, health and income generation more difficult because it constrains the capacity of communities to develop and grow [81] . More specifically, the lack of materials, technologies and equipment reduces the levels of productivity in any community, affecting its competitiveness, ability to create revenue and wellbeing [82, 83] . On the contrary, having access to energy services not only allows the utilization of technologies that may facilitate life in general but also makes the community more attractive for public and private investors to further contribute to the development of the community [22, 84] (see R7 in Figure 4 ). Further investments would incentivise the creation of new RES projects that would in turn enhance the village's infrastructure, making it more competitive for the future [22] . Communities with good levels of physical assets provide inhabitants access to secure buildings, adequate water supply and clean and affordable energy [64] . Therefore, the physical capital of a community determines the extent to which other livelihood assets (human and social) could increase. Consequently, the greater the benefits for local communities, the greater the attractiveness of rural areas, and the greater the possibilities of the social acceptance of the projects [59] . 
Natural Capital
Natural capital refers to the quality of the natural environment that surrounds a community. This includes the quality of the air inhabitants breathe, the quality of the water they drink, the productivity and size of their land and the biodiversity they have at hand in general. It is usually the case that the effect of any human intervention on the environment is adverse with respect to the natural capital, particularly if such intervention seeks the development of the community [71] . The natural capital can be affected by the adoption of RES in both direct and indirect ways. For example, the construction of a free-flow spillway, which modifies the course and shape of a river, has been 
Natural capital refers to the quality of the natural environment that surrounds a community. This includes the quality of the air inhabitants breathe, the quality of the water they drink, the productivity and size of their land and the biodiversity they have at hand in general. It is usually the case that the effect of any human intervention on the environment is adverse with respect to the natural capital, particularly if such intervention seeks the development of the community [71] . The natural capital can be affected by the adoption of RES in both direct and indirect ways. For example, the construction of a free-flow spillway, which modifies the course and shape of a river, has been seen by some as a depletion of this asset [27] . In addition, as discussed earlier, wind turbines can cause noise, interfere with the aesthetics of the landscape and threaten fauna. This type of direct intrusion on the environment has been an obstacle for the acceptance of RES in communities [9, 85] . On the other hand, when an RES solution contributes successfully to the development of a given community, its population grows, its industries flourish and its infrastructure increases. This industrialization dynamic also contributes to the depletion of the natural capital (see, e.g., [86] [87] [88] [89] (see B5 in Figure 5 ).
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However, changing traditional sources of energy, such as wood and fossil fuels, to renewable sources has some positive impacts on the natural capital, mainly regarding the reduction of deforestation, the protection of fauna and flora and the decrease in local and household air pollution [68, 80] (see B6 and R8 in Figure 5) . As a result, the European Union and some governments have adopted targets for the expanded use of renewable energies to improve energy security, reduce GHG emissions and achieve the competitiveness of the European economies [90] . This type of argument could be employed as a strategy to lessen concerns of energy-related environmental impacts and therefore achieve better community acceptance [26, 91] . Figure 5 depicts the causal-loop diagram with the factors affecting the natural capital and their relationship with community acceptance. 
Financial Capital
Financial capital refers to all monetary resources a community has to achieve livelihood objectives. These can be in the form of available stocks, which refer to credits, regular inflows of money, or transfers from the state, such as pensions. As stressed earlier, renewable energy technologies can contribute to possible income-generating activities of households (see R7 in Figure  6 ). Scholars, such as Inglesi-Lotz [92] and Sadorsky [93] , have shown that there is a high correlation between the economic performance of a country and the implementation of RES in emerging economies. However, the productive side-effect of RES should not be assumed because communities also require access to financial services (e.g., credits) in order to break the poverty cycle and enable their people to invest in productive technologies that are not easily attainable to them [94, 95] . Not having access to financial resources and credits can be a critical factor related to the adoption of any capital-intensive business in rural areas and the maintenance of an RES solution [96] . In such cases, experts on clean energy have highlighted the need to set up payment models that minimize the risk of default, for example by establishing payments during harvest seasons for the energy technologies and other consumer products [97] (see R10 in Figure 6 ). However, changing traditional sources of energy, such as wood and fossil fuels, to renewable sources has some positive impacts on the natural capital, mainly regarding the reduction of deforestation, the protection of fauna and flora and the decrease in local and household air pollution [68, 80] (see B6 and R8 in Figure 5 ). As a result, the European Union and some governments have adopted targets for the expanded use of renewable energies to improve energy security, reduce GHG emissions and achieve the competitiveness of the European economies [90] . This type of argument could be employed as a strategy to lessen concerns of energy-related environmental impacts and therefore achieve better community acceptance [26, 91] . Figure 5 depicts the causal-loop diagram with the factors affecting the natural capital and their relationship with community acceptance.
Financial capital refers to all monetary resources a community has to achieve livelihood objectives. These can be in the form of available stocks, which refer to credits, regular inflows of money, or transfers from the state, such as pensions. As stressed earlier, renewable energy technologies can contribute to possible income-generating activities of households (see R7 in Figure 6 ). Scholars, such as Inglesi-Lotz [92] and Sadorsky [93] , have shown that there is a high correlation between the economic performance of a country and the implementation of RES in emerging economies. However, the productive side-effect of RES should not be assumed because communities also require access to financial services (e.g., credits) in order to break the poverty cycle and enable their people to invest in productive technologies that are not easily attainable to them [94, 95] . Not having access to financial resources and credits can be a critical factor related to the adoption of any capital-intensive business in rural areas and the maintenance of an RES solution [96] . In such cases, experts on clean energy have highlighted the need to set up payment models that minimize the risk of default, for example by establishing payments during harvest seasons for the energy technologies and other consumer products [97] (see R10 in Figure 6 ).
The financial sustainability of RES interventions is often determined by the existence of income-generating activities (businesses) in the communities. Then, if communities are not capable of breaking the poverty cycle, the RES intervention may not survive either because the high costs associated with its installation and maintenance may be seen as an unaffordable and unnecessary expense [79, 98] . Energy services are better welcomed when people perceive opportunities of income gains or productive uses. Therefore, inciting the poor to use energy services productively is an effective strategy in spreading energy access [94, [99] [100] [101] and providing greater benefits to the rural poor [66, 102] .
In this regard, Painuly [98] highlighted the following as barriers to the implementation of renewable energy: the lack of institutions and mechanisms to disseminate information, the lack of legal and regulatory frameworks to incentivise RES and the lack of synergy between the government and other supporting institutions. In addition, it has been argued that problems in realising financial incentives and credit access are barriers linked to the low participation of the private sector in the rural energy market. Consequently, if politicians provide incentives and subsidies, the initial investments of RES would be lower, becoming more attractive for stakeholders to develop the needed infrastructure. In this regard, Biswas et al. [66] proposed a mechanism to form cooperatives that are perceived less risky to being granted financial support and credits from banks and large non-governmental organizations (NGOs). This would enable the landless and the more marginal rural peasants to have ownership of RES-related businesses.
In addition, revenues for communities from a renewable energy project can also be perceived during its construction phase with the purchase of materials, equipment and the payment of local wages (see R9 in Figure 6 ). Nevertheless, negative economic effects may appear due to the displacement of trade based on the former energy supply [71] (see B7 in Figure 6 ).
In summary, we argue that the implementation of RES in rural areas of developing nations requires the existence of organizations and institutions that can provide financial support to the rural poor in order to enhance the local economy and increase the chances of survival of the projects. The financial sustainability of RES interventions is often determined by the existence of incomegenerating activities (businesses) in the communities. Then, if communities are not capable of breaking the poverty cycle, the RES intervention may not survive either because the high costs associated with its installation and maintenance may be seen as an unaffordable and unnecessary expense [79, 98] . Energy services are better welcomed when people perceive opportunities of income gains or productive uses. Therefore, inciting the poor to use energy services productively is an effective strategy in spreading energy access [94, [99] [100] [101] and providing greater benefits to the rural poor [66, 102] .
In this regard, Painuly [98] highlighted the following as barriers to the implementation of renewable energy: the lack of institutions and mechanisms to disseminate information, the lack of legal and regulatory frameworks to incentivise RES and the lack of synergy between the government and other supporting institutions. In addition, it has been argued that problems in realising financial incentives and credit access are barriers linked to the low participation of the private sector in the rural energy market. Consequently, if politicians provide incentives and subsidies, the initial investments of RES would be lower, becoming more attractive for stakeholders to develop the needed infrastructure. In this regard, Biswas et al. [66] proposed a mechanism to form cooperatives that are perceived less risky to being granted financial support and credits from banks and large nongovernmental organizations (NGOs). This would enable the landless and the more marginal rural peasants to have ownership of RES-related businesses.
In summary, we argue that the implementation of RES in rural areas of developing nations requires the existence of organizations and institutions that can provide financial support to the rural poor in order to enhance the local economy and increase the chances of survival of the projects. The political dimension is not part of the SL framework. However, it is mandatory to consider it since the powerful actors involved in the development of environmental policies also play a key role in incentivizing the implementation of RES. Fredriksson and Svensson [103] studied the effects of corruption and political instability on the implementation of environmental policies (see B8 in Figure 6 ). Their model explains how corruption reduces the "stringency" (i.e., the efficiency of implementation) of environmental regulations. Lopez and Mitra [104] also reached the same conclusion from the point of view of the environmental consequences of government corruption and rent-seeking. Government ideology is another factor that potentially affects the environmental quality and the stringency of energy policies [105] . Pietrosemoli and Rodríguez [83] show, as an example, the case of Venezuela, which has great potential for renewable energy projects, similar to most Latin American countries. However, due to the pre-eminence of politics over decisions, foreign currency restrictions and restrictive labour regulations make it harder to complete projects. Pansera [106] also highlights Bolivia´s potential in terms of sun, wind and hydroelectric energy production but notes the lack of existing policies to foster the use and production of energy. This shows the importance of the political dimension for the sustainability of RES projects and demonstrates that a poor political scheme can lead to the failure of an environmental policy.
Discussion
The last section showed that livelihood consists of a variety of both market-oriented and non-market-oriented activities adopted by poor households. The adoption of these strategies aims to sustain and improve their situation with the use of their stock of capital assets. Both material (physical and financial) and nonmaterial (human and social) assets contribute to the reduction in poverty, which can be achieved with the accumulation of the assets over time, and in the same way can lead to better living standards [60] . Understanding the relationship between a community's assets and the potential outcomes resulting from the implementation of renewable energy projects is key for learning how to boost the level of acceptance of projects by communities and to determine sustainability indicators and the survival of projects over the long term. Figure 7 shows the overall causal-loop diagram, which combines the diagrams discussed above within the boundaries of the five SL capitals. The diagram represents our learning of the main relationships and feedback loops that appear to exist among the key factors identified from the literature reviewed, and how these influence the acceptance of a renewable energy project by a community and its subsequent sustainability.
As mentioned before, the diagram also indicates potential points of intervention for an RES project. The literature reviewed and the construction of the causal-loop diagram show that any external intervention within a rural community needs to be seen holistically and comprehensively, where multiple dimensions of the community are taken into consideration. For example, decision makers and energy planners must consider how the technology may change the traditions and practices within a community and anticipate its effects. Issues such as how the roles of women in the community may change due to the arrival of a new technology or what elements of nature are untouchable should be taken into consideration, because changes that may be seen as positive by outsiders could be perceived as negative by community inhabitants. This creates tensions and stress in the community, leading to the rejection of the projects. It is important to be aware of the cultural differences and to investigate how willing the community is to adapt to the new situation. Ignoring these factors would lead to the failure of any given solution. As an example, let us take the case of La Guajira, along the north coast of Colombia, where local indigenous communities are particularly reluctant to accept modern and western traditions. As a result, hundreds of children die there every year, partly because their parents forbid them to be treated with traditional western medicines and procedures, instead preferring their ancient medicines and prayer rituals. Throughout our literature review and the construction of the diagrams, we also learned that it is important to involve the communities, to inform them of the benefits of the renewable technologies, and to show them the dangers of traditional practices, such as cooking with firewood indoors. Education is important to improve the livelihood of communities and ensure their acceptance of the projects. It also entails teaching communities how to take advantage of the technology, how other technologies that use electricity may complement and enhance their livelihoods and how these appliances could be used to create income-generation initiatives. Finally, as discussed earlier, the role of institutions and governmental organisations is crucial to facilitate the conditions needed to boost the local economy to provide access to financial services, create a local energy market and increase the likelihood that these projects will be sustainable.
Conclusions
Renewable energy has been advocated as an ideal way to supply the energy demanded by an increasing population in a sustainable way. It is considered an important resource to improve the difficult situation of over two billion people [107] , mostly located in rural zones, where access to traditional energy is limited or non-existent. Natural resources are fundamental to expand this process worldwide. Depending on the geographical conditions of a country, there are more or fewer natural resources available to produce renewable energy. However, natural resources and geographical conditions are not the only important factors needed to successfully implement these energies. Community acceptance plays a major role to ensure access to affordable, reliable, sustainable and modern energy for all, an objective included in the new global sustainable development agenda [108] .
While acceptance has been recognized as an important factor driving the success of RES projects, in this paper, we sought to address the need for a systemic view of community acceptance of RES projects. Through the lens of the SL framework and based on an extensive literature review, we developed a causal-loop diagram of the relationships leading to improved livelihoods of rural communities in developing countries.
We believe our perspective offers a concrete and comprehensive view of acceptance and sustainability of RES projects. By considering the perspective of the livelihoods of communities, we were able to identify the key barriers that influence the sustainability of projects and to determine what is needed to increase the acceptance of renewable energy technologies. We hope this work aids in understanding the most important variables that should be considered at the time of implementation and will help future energy planners and decision makers gain greater acceptance by the community with respect to renewable energy, allowing the effective sustainability of projects. [68, [81] [82] [83] "Currently, the growing recognition of energy as part of the solutions for society needs to draw attention to the evolution of the infrastructure projects related to energy production, distribution and use as a way to improve quality of life and to support sustainable development./ . . . /The availability of an adequate infrastructure for water, energy, roads, industry or communications has been identified as a fundamental element for the productivity and competitiveness of nations. In fact, the conditions of such infrastructure have an important effect over national costs, logistics and processes in general. They also have an influence on population health and educational levels and may reduce income inequalities" [83] (p. 686).
Attractiveness for investment [5, 22, 59, 83, 84, 110] "Therefore, the increased deployment of renewable sources as a means to improve the electricity access rate in less developing economies largely hinges upon their ability to identify innovative mechanisms to attract both domestic and foreign capital and increase financing" [110] (p. 2201).
Energy demand [5, 21, 22, 79, 90] "Energy plays an important role in human welfare. The dynamic hypothesis is: the more development, more energy demand" [22] (p. 203).
Deforestation [5, 60, 68, 80, 110] "Similarly, the collection and burning of woody biomass can have effects on ground cover, and the burning of dung can affect the level of nutrients being returned to the soil. However, the link between the energy uses of biomass and deforestation varies from location to location" [60] (p. 946).
Human intervention/Depletion of fauna & flora [10] [11] [12] [13] [14] 27, 28, 62, 68, 80, [85] [86] [87] [88] [89] "Traditional firewood cooking causes faster depletion of biomass resources and adds to the women's working hours in collecting firewood" [62] (p. 409).
Pollution and GHG emissions [26, 65, 70, 71] "Many people are well aware that fossil fuels are a major contributor to environmental damage such as acid rain and global warming. In addition, nuclear power is not seen as an acceptable alternative by many. Sources of renewable energy are generally accepted as clean or environmentally friendly and this is a very strong motivating factor for some" [71] (p. 188).
Creation of jobs related to operation and implementation of RES [59, 65, 68, 71] "The development of renewable energy might contribute to the rural community in three different perspectives such as by creating jobs, by creating local tax income from sold off energy and by reducing the costs of energy after the initial set up cost" [71] (p. 186). "The creation of a few jobs may have a significant impact on isolated local communities with scarce development and employment alternatives" [59] (p. 1330).
Access to financial services [66, 96, 97] "RETs could thus be selectively applied to various rural applications, potentially generating income, improving health and educational quality, and increasing labour productivity. However, such potential benefits arising from RETs may be realised only through a process that appropriately harnesses the social and financial context of village life. [66] (p. 336). Lack of capital is the major constraint to such income-generating activities. Such activities (raising livestock, handicrafts, tailoring, etc.) that can be facilitated by a micro-credit loan distribution system have already been found more applicable to rural women than to men in rural Bangladesh" [66] (p. 337).
Organization and institutions/legal and regulatory framework/Corruption and Rent-seeking [5, 15, 66, 68, 70, 98, 103, 104, 106, 110, 111] "Government agencies, non-governmental organizations (NGOs), development organizations and other actors have been involved in a variety of programs to enhance-quantitatively and qualitatively-energy services for the poor" [70] (p. 1368). "Several barriers that have prevented penetration of RETs have been listed in the literature. These include cost-effectiveness, technical barriers, and market barriers such as inconsistent pricing structures, institutional, political and regulatory barriers, and social and environmental barriers" [98] (p. 75).
Community's acceptance [2, 8, 9, [17] [18] [19] [20] 25, 26, [29] [30] [31] 58, 71, 91] "The acceptance of renewable energy is more likely if the community feels that its current supply is problematical. It may be that the lifestyle changes mentioned above are wholly acceptable as they are already equivalent to or an improvement on the current situation" [71] (p. 188).
